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Monday, February 27, 2012 335aagreement with x-ray measurements of lipid membrane interactions in the pres-
ence of buffers and monovalent salt solutions. [1] Parsegian V. A., Van der
Waals Forces, Cambridge University Press, 2006, [2] Koerner et al., Biophys.
J. 101, 2011, [3] Szymanski and Petrache, J. Chem. Phys. 143, 2011.
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The theoretical description of charge transport across biological membranes
has remained largely unchanged since the 1960’s. However, it is widely ac-
cepted that the barriers for unassisted ion permeation via a solubility-
diffusion mechanism are too high, and too selective to explain experimental ob-
servations, leading to a favoring of a non-selective transient pore process. We
demonstrate that an ion-induced defect mechanism, intermediate between these
two processes, can yield reduced free energy barriers with little influence of hy-
dration free energy or the membrane dipole potential. We report experimental
and computational data for a range of alkali metal, halide and charged amino
acid analog molecules. Our simulations reveal that membrane perturbations
are central in explaining the shape and magnitude of the free energy barriers,
the similarity for ions of different size, charge and chemistry, and for obtaining
fluxes consistent with experiment. We will discuss results that suggest a transi-
tion from ion-induced defect to the solubility-diffusion mechanism in thicker
bilayers, and for larger hydrophobic ions and ionophores. We explore the de-
formable membrane description to predict a greater common energetics for
a range of ions, poly-ions and zwitterions and discuss the consequences for
membrane interactions with charged peptides and proteins, and the roles of
lipid components in membrane ion transport.
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The thyrofluidic model of ion channel entry gating has the membrane electric
field at the ion channel pore entrance responsible for stripping ion hydration
shells, selectively admitting ions into the pore for transport. Capillary electro-
phoresis studies have shown that full hydration stripping occurs at field
strengths corresponding to distances of 6.5 to 8 nanometers from a membrane.
This work considers the rate at which hydration stripping occurs relative to the
rate of ion migration near the membrane.
The free energy barrier for one water molecule to escape the first (inner) hydra-
tion shell of a Naþ ion has been calculated to be 9.5 kJ/mole, equivalent to
a field strength of 118.75 V/cm. Mean lifetime of attachment of one water mol-
ecule bound to a Naþ ion has been calculated to be 5 ps. A linear model of the
energy and time to strip 5 of the 6 water molecules from the first shell yields
47.5 kJ/mol (594 V/cm) and 25 ps. Modeling single molecule dissociation to
have exponential decay yields 101.7 kJ/mol (1,270 V/cm) and 197 ps. Electric
field dependent ion velocity changes occur between 200 and 600 V/cm, consis-
tent with the linear model.
The Einstein-Smoluchowski equation shows ions with radius 0.1 nm diffuse at
3.2 nm/ns. As a result, Naþ will diffuse 0.08 nm (linear) or 0.63 nm (exponen-
tial) after reaching a field of 594 or 1,270 V/cm, respectively, for complete hy-
dration stripping, the latter occurring 7 nm from the membrane. To date, all
known kosmotropic ion channel pore entrances sit within 2 nm of the mem-
brane. Thus, the membrane electric field will strip the hydration shells from
Naþ long before the ion can reach the pore entrance. As such, electric field hy-
dration stripping kinetics are compatible with thyrofluidic channel gating.
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Tid-dip electrophysiological experiments are used to study single-channel re-
cordings and channel kinetics. Although an effective technique, tip-dip, there
is an argument that ion flow could be due not only to ion channels on the mem-
brane but also to transport through the glass-lipid interface, and even through
the very thin glass tip. Another problem with this technique arises from the dif-
ficulty to obtain seals with large resistance that are stable and last for long pe-
riods of time. In this study we present an experimental protocol which has the
purpose of reducing the above described problems. Borosilicate glass pipettes
are coated with poly(dimethylsiloxane)(PDMS) for various periods of time.PDMS is absorbed on the surface of the glass and later on, via a chemical re-
action, coats the surface, rendering it hydrophobic. This hydrophobic surfaces
yield better seals in tip-dip electrophysiological experiments. Here we compare
seals made with and without the PDMS treatment and discuss their differences.
We also considered the effect that variables in the protocol, such as time of ex-
posure to PDMS or temperature of treatment, have on the hydrophobization
process. Hence we present an experimental protocol of pipette hydrophobiza-
tion that improves seal resistance in tip-dip electrophysiological experiments
decreasing the problems faced by this technique.
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The effect of lanthanum, a high-valence rare-earth metal, known as blocker and
modulator of Ca2þ , Kþ , TRP and other channels, has been studied in a large,
weakly selective biological pore, the bacterial porin OmpF. We show that mil-
limolar concentrations of lanthanum chloride have a dramatic impact on OmpF
conductance and selectivity when this channel is reconstituted into planar lipid
bilayers. Lanthanum arises as a modulator of ion flow through OmpF channel,
reducing the conductance for positive but not for negative applied voltages,
thus inducing ion current rectification. In addition, small amounts of LaCl3
change the selectivity of the pore from highly cationic to almost non-
selective and even reverse it, turning OmpF into an anion-selective pore. The
conductance inhibition for positive voltages is reversible and it is observed
only when LaCl3 is added on the same side of the protein addition. We also
found that the channel rectification properties can be easily modulated by reg-
ulating the pH of the bathing solutions and that in high acidity solutions the cur-
rent rectification can be totally cancelled.
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OmpF ion channel porin is a water filled trimer found in the outer membrane of
Escherichia coli. The crystal structure of channel shows constriction zone with
a diameter of about 0.6 nm halfway down the nanopore barrel. In this study,
single molecule OmpF protein was reconstituted into artificial bilayer and
it’s channel activity was investigated by means of voltage clamp technique.
The results showed that the presence of polynucleotides caused different pat-
tern of ion current and gating in the channel at different potential differences
and polarities. It seams due to the effect of the applied pd on the amino acids
side chain in the channel lumen, the potential gradient and it’s direction play
vital role in producing unique signature for certain polynucleotides. The current
pattern could not directly be related to each strand by single factor analysis and
different approaches and variants should be applied simultaneously to distin-
guish polynucleotides from each other. Although we restricted our studies to
10 nucleotide strands, results indicate that it can well be applied to longer
ones. Furthermore, it was found that introduced polyT, polyG, polyC to the
cis side at micro molar range have more effect than lower ones. Further to
the investigation of polynucleotide effect with nano channel, we hope to use
the result of the current study to address gene trans-location into bacteria.Ligand-gated Channels II
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For GluA2, an ionotropic glutamate receptor that mediates excitatory synaptic
transmission at CNS synapses, the reported monomer-dimer Kd of the amino-
terminal domain (ATD) varies widely, ranging from 1.8 nM to 4 mM.1-3 To
investigate causes of discrepancies in the literature, several protein constructs,
diverse in glycosylation and overall size, were created and the dimer Kd ana-
lyzed by analytical ultracentrifugation with absorbance and interference optics
(AUC). Sedimentation velocity (SV) Kds varied from 2 to 11 nM, with size and
glycosylation having little effect. At the highest protein concentration exam-
ined (33 mM) we did not detect formation of tetramers or larger oligomer spe-
cies. Steady state fluorescence anisotropy titrations for DyLight405 labelled
336a Monday, February 27, 2012protein yielded similar results. However, sedimentation equilibrium analysis
yielded dissociation constants of 160 to 280 nM. Temperature and pressure var-
iations did not explain this difference. Small amounts of degradation over the
several day sedimentation equilibrium protocol was revealed by silver-stained
SDS-PAGE and likely underlies the different Kds for sedimentation velocity
and sedimentation equilibrium experiments. Our results confirm that the
GluA2 ATD forms nM affinity dimers3. The spread of values measured by
SV highlights the difficulty in making accurate measurements at nanomolar
protein concentrations, due to dimer-deficient monomers produced by proteol-
ysis or extremely small signal to noise ratios. The similar variance observed in
prior work with fluorescence detection AUC suggests that S/N limitations are
not the major cause of Kd variations.
1. Jin R, Singh SK, Gu S, Furukawa H, Sobolevsky AI, Zhou J, Jin Y, Gouaux E
(2009). EMBO J 28:1812-1823.
2. Clayton A, Siebold C, Gilbert RJ, Sutton GC, Harlos K, McIlhinney RA,
Jones EY, Aricescu AR (2009) J Mol Biol 392:1125-1132.
3. Rossmann M, Sukumaran M, Penn AC, Veprintsev DB, Babu MM, Greger
IH (2011) EMBO J 30:959-971.
1705-Pos Board B475
A Novel Toxin that Targets Acid-Sensing Ion Channels to Produce Pain
Alexander T. Chesler1, Christopher J. Bohlen1, Reza Sharif-Naeini2,
Katalin F. Medzihradszky3, Sharleen Zhou4, David King4, Elda E. Sa´nchez5,
Alma L. Burlingame3, Allan I. Basbaum2, David Julius1.
1Department of Physiology, University of California, San Francisco,
San Francisco, CA, USA, 2Department of Anatomy, University of California,
San Francisco, San Francisco, CA, USA, 3Department of Pharmaceutical
Chemistry, University of California, San Francisco, San Francisco, CA, USA,
4University of California, Berkeley, Berkeley, CA, USA, 5National Natural
Toxins Research Center and Department of Chemistry, Texas A&M
University, Kingsville, TX, USA.
Natural products have served as invaluable keys to unlocking molecular
underpinnings of pain sensation. In particular, plant-derived irritants, such as
capsaicin, menthol, mustard oil, have proven essential for identifying and/or
characterizing excitatory TRP ion channels that play major roles in pain sensa-
tion. Animals also possess chemical defense mechanisms to inflict pain in
predators. To more fully exploit the rich pharmacopeia of animal toxins, we es-
tablished an unbiased screen to discover venoms capable of activating specific
subpopulations of somatosensory neurons, with the goal of developing novel
probes and identifying important physiological targets for pain research and
therapeutics. We show that venom from the Texas coral snake - whose bite
produces excruciating pain - contains a novel toxin that potently and persis-
tently activates a subset of somatosensory neurons. First, we use biochemical
and molecular methods to identify a unique two-component toxin that form
a high affinity heteromeric complex. Second, we use electrophysiological
and genetic approaches to identify acid-sensing ion channels (ASICs) as
the molecular target. Furthermore, behavioral experiments show that toxin-
evoked activation of ASIC channels elicits pain by recruiting a canonical pop-
ulation of primary afferent nociceptors that detect thermal and inflammatory
pain.
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Acid sensing ion channels are proton activated, sodium selective channels and
are trimeric in nature. They belong to the epithelial sodium channel family.
They are widely expressed in peripheral sensory neurons and neurons of central
nervous system. These channels are involved in various physiological func-
tions like sodium homeostasis, pain, mechano sensation, acidosis induced neu-
ronal injury, etc. Here we expressed a modified chicken acid sensing ion
channel (ASIC1a) in insect cells containing engineered cysteine residues at po-
sitions 129 and 338, at the finger and thumb domain respectively. The mem-
brane preparations of the protein expressed in insect cells was shown to be
functional using bilayer measurements. Using this functional construct we per-
formed Fluorescence Resonance Energy Transfer measurements by tagging the
insect cells with terbium chelate as donor and ATTO 465 as the acceptor. The
distance between the donor and acceptor was similar to that observed in crystal
structure thus indicating that the crystal structure is a good representation of the
functional receptor in the membranes. Additionally, decreasing the pH from 7.4
to 6 resulted in a decrease in distance between the two residues, consistent with
the movement of the thumb domain closer to the finger domain as previously
hypothesized based on the crystal structure.1707-Pos Board B477
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The ASICs (Acid-Sensing Ion Channels) are involved in neuronal signaling in
the central and peripheral nervous system. These non-voltage-gated channels
are involved in learning, the expression of fear, neurodegeneration after ische-
mia, and pain sensation. The molecular bases underlying their activity are not
yet fully understood. During an extracellular acidification, ASICs open tran-
siently before inactivating in the continued presence of the low extracellular
pH. Modulators of ASIC inactivation may contribute to the physiological
and pathological functions of ASICs. FRRFamide (FRRFa) and related pep-
tides have been shown to slow the ASIC inactivation time course and to induce
a small sustained current. In the present study we have carried out in silico
docking of FRRFa to human ASIC1a, which predicted two cavities as FRRFa
binding site. It has previously been shown that a part of the thumb region differs
between ASIC1 orthologs, and that FRRFa induces greater sustained currents in
human than in mouse ASIC1a, suggesting that this region may be involved in
the effect of FRRFa.
The role of the residues predicted to be part of the FRRFa binding site (one of
the top docking poses) has been tested by site-directed mutagenesis and func-
tional studies. While mutation of only one residue of the predicted binding site
decreased the effect of FRRFa, several point mutations in the b9-a4 region in-
creased the FRRFa-induced sustained current. Our results indicate that the b9-
a4 region is likely not the FRRFa binding site, however that it is involved in the
effect of FRRFa on ASIC inactivation.
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Seven P2X purinergic receptor subunits have been identified: P2X1-P2X7. All
except P2X6 assemble as homotrimers, and six heteromeric receptors (P2X1/2,
P2X1/4, P2X1/5, P2X2/3, P2X2/6 and P2X4/6) have been described. In addi-
tion, P2X4 homomers associate with P2X2 or P2X7 homomers as dimers of tri-
mers. The various P2X receptors show individual functional properties,
suggesting distinct physiological roles. The overlapping expression of P2X2,
P2X4 and P2X6 subunits has been shown in different cell types, and functional
analysis of P2X receptors in Leydig cells suggests that the three subunits inter-
act. In the present study we investigated the potential assembly of P2X2, P2X4
and P2X6 subunits into heteromeric receptors. tsA 201 cells were co-
transfected with His6-tagged P2X2, HA-tagged P2X4 and FLAG-tagged
P2X6 subunits. After sequential co-immunoprecipitation using anti-HA and
anti-FLAG resins, all three subunits were present, demonstrating their interac-
tion. Proteins eluted from the resins were incubated with anti-His6 antibodies
and anti-HA Fab fragments, and analyzed by atomic force microscopy
(AFM). In 292 AFM images, 23 central particles with volumes expected for
P2X trimers were found to be doubly decorated by one antibody and one Fab
fragment. In contrast, only two such complexes were seen when the anti-
body/Fab incubation was omitted (223 images). Two complexes were also
seen after incubation with anti-Myc antibodies plus anti-V5 Fab fragments
(control; 263 images). This result is consistent with the presence of a P2X2/
4/6 heterotrimer.
We conclude that P2X2, P2X4 and P2X6 subunits interact, potentially forming
a heterotrimeric receptor containing three different subunits.
Financial support: FAPESP and BBSRC.
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P2X receptors are cation-selective channels that were suggested to play roles in
many important physiological processes, including muscle contraction, pain
sensation, and inflammation. Extracellular ATP released from various sources,
such as synaptic vesicles and damaged cells, is the ligand for activating P2X
receptors. In neutral solution, ATP is ionized and exists mostly as free ATP
(ATP4-), a high affinity chelator for divalent and trivalent cations. As there
